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Enssgy Distribution in Luminescence Spectra 
of eats Cems 


As stated in the Research and Development Task Order Momre241]2: 

*Contrecstar «© = @ shall ceextuct research on energy distribution in 
iuuinescence spectra of cocgantc wxteriais. Such research shall incluis, 
but not necessarily be linited te the following: studies of aniline, o-, 
me, and p-diphenyl amine, cartazole, p-<tiflucrodiphenyl, diphenyl, le 
nitro diphenyl, lycopens, Tlucrescein (acid), phenazine and eosin." 

To this list we nov wish to add anthracene, chlorophyll znd chloro- 
phyllin derivatives ac well as varLlous phthalocyanines. 

In order to carry our *his assignment it has been necessary to pure 
chase or build the falleving »squipment: a synchronous motors a rotating 
disk with holes to chop tie light from the luminescing solid, Liquid or 
solution, in order to be able to amplify it; an fidam Hilger infrared con- 
stant deviation spectromster: a leed sulfide infrared detector cell; a high 
gain amplifier to amplify the signal output of the lead sulfide cell; ant 
various meters, lenses, lens mounts, smail optical benches, etc. 


Detail of Experinents) and Developmental Work 

i. A four foot, sturdy optical bench to carry pert of the above equip~ 
ment was designed ari has been built. 

2. After considering various pceribilities we decided to baild a high 
gain amplifier decisnesd for infrared work in stellar physics by %. Wilsen 
of Northwestern University and reported by Kuper, 0. P., Wilson, ¥., ami 
Coxhaan, 2, J., in the Astrophysical Journal 106, 2h3 (1947) under the 


title "Ar Inm'vered Stellar Spectraneter™. The amplifier wes designed for 
ase with the lead sulfide cell, and is to be used in the same way by us. 

che Wilsor Acplifier consists of a pre—emplifier and a main amplifier 
with @ tote. voltage gain of 3 x 107 or about 150 decthels. The amplifier 
is tamed to 1080 «.p.s. and is supposed to perms trenmmission of a band 
ao SEC AS L GeBeBe Because of the musually high gain of the amplifar, 
the noise constitot.. quite a problem, An ummsuclly large amount of time 
was required in ¢’forte to shield and check every critical point. So far 
ve neve bean able .o reduce the noise generated in the amplifier to about 
70% of the noise gmerated in the photosesll. Moct of the remaining noise 
come fren the trpoes of the first stege amplifier. The photo=cell noise 
produces an input voltage of a few micre=volts. In the course of various 
adjustma ts, it was found advantageous to isolate the power supply from 
boun the pre and the min-amplifier and to use a storage battery for the 
heaters. 

To further improve the signal/noise ratio as recorded by the output 
moter an RC-filter wes used to reduce output noise components in the 
neighborhood of sere frequency. In this cormection, see Nelson and Filson, 
Proceedings of the Nations1 Flectronics Conference, Chicage, Rov. 19h7, 
page 58. It is our hope that by the above modifications an improvement 
of the signal/noise ratio can be achieved, increasing it by a factor of 
about five, 

3. A synchronous motor of 1500 RPM was borrowed from the High Alti- 
tude Laboratory for preliminary teets, and was found to have sufficient 
powsr to drive the retatine disk at a constant speed. ie thm purchased 
ons of the same type, HAC 2505, No. 233 LC, 9 watts, 0.15 os. in. torque, 
from Holtser-Cabot in Boston. By msans of a mount, the motor was attached 


to the optical bench. 

he A rotating aluminum disk having 36 holes to chop the light at a rute 
of approximately 1000 c.p.s. hes been built. Round holes were used fur ease 
of cutting. The diameter of the holes was chosen equal to the length of the 
entrance slit (1 om.). The distance between the holes was chosen such that 
the area betareen taro adjacent holes and their two common ontes tengect lince 
equalled the area sut out by one of the holes. This arrengenext appuared to 
give most nearly « sinewave modulation of the light. A sins wave is desirable 
because, under these conititions, all the energy of the 1000 c.p.8. signal is 
transmitted by the amplifier. Otherwise moch of the energy would be lost te 
harmorice not transmitted by the amilifier. 

S. Twe PbS=cells have been purchased. One of these is fran Eastzan 
Kodak Company and the other from Citron. Preliminary tests show no signifi 
cant differences between the two. Inasumch as different celle show maximm 
response at different wavelengths, we may find it advantageous to choose 
different cells for different spectral regions. 

6. A eix inch optical bench has been built to carry condenser lenses 
in front of the entrances slit. It permits accurate adjustment in ali three 
directions of space. A similar bench is planned to soniense the light from 
the exit slit on the nhote call. 

7. A moot far the Icdek phote cell las been constructed, end is so 
desipmed az to be able to replace the eyepiece of the spectrometer, A 
mount for the Citron cell 1% also planned which will take the place of the 
thermocouple of the Hilger instrumsnt. 


Preliminary Toews 
Preliminary rons with the above equipment show that we can easily detect 
about aix lines in the mercury spectrom betareen 1 and 2 microns (10,000 to 


20,0004}. It is also possible to dctect the infrared radiation in the sams 
region emitted by a lichted cigarette placed about three yards from the 
entrance slit. 


Fossible Future Directions of Work 


In our rather extensive literature search, it has become evident that 
we need to know more about the following subjects: 

1. The physical properties of lead sulfide celis incloiing nature of 
sensitive spots, tempereture coefficient of sensitivity, etc. 

2. Suitebility of other methods of detecting infrared radiation, such 
as the transistor photo cells. 

3. Best procedures to follow in infrared work such es the question of 
various light choppers (rotating disk with series of holes, Xerrecell, etc.) 
Also the use of wobble methods including oscillating mirrors ani gratings. 
Value or disadvantage of the use of elipsoidal mirrors frequently mentioned 
in the literature. According to VW. E. Forsythe reporting in the Astrophysical 
Journal 45, 278 (1917) there is a so-called "best axis® about which the prism 
of « constaxt deviation spectrometer should rotate. It my be possible to 
improve our instrummt by some adjustments of this typs. 

h. High gain eyplifiers may possibly be improved se as to be able to 
study a narrow band aid there my be ways of iutegration se as to build up 
the signal above the noise levsl. The question of the advantages of "gating 
- the amplifier neeis to be studied. 

5. It may be edventazeous to obtain some frequency standard which is 
moe accurate than the line frequency to drive the synchroveous mtcor, 

6 Sires it is obvicus from our literature search that very little has 
been published on luminescence in or near the infrered, It becomes necessary 
to know more about the mature ef those campeunds which de emit rediations in 


the red or meer infrered. Having tis knouledce the tack of discovering 
now ratiators is simplified. 

7, A question which frequently presente itasif is that of ihe axact 
xange of freqencies assignable to electronic shifts end the place in ths 
spectrums whese vilretional energy shifts of the ators becin to show up. If 
these qosstions could be mewered, ve mich! also izun were retetional 
cevrpy shifts become obvicus. At present sil knowledge of rotatiom. ani 
vilentional exergy changes comes fram a study of absorption end Rasen spectra, 
but it seems reasonable thet here too there met be an emission (even thengh 
we heve sot bean able to observe it, if there is ai absorption. 


